Exclusive nonleptonic decays of bottom baryons to charm baryons and pseudoscalar light mesons are analyzed within a relativistic three-quark model. We include factorizing as well as nonfactorizing contributions to the decay amplitudes. The total contribution of the nonfactorizing diagrams amount up to 30 % of the factorizing contributions in amplitude. We present detailed predictions for rates and asymmetry parameters.
Introduction
Recently there has been much progress in the experimental analysis of decays of heavy baryons [1] - [3] . From a number of experimental collaborations (ALEPH, ARGUS, ACCMOR, CLEO, OPAL, etc.) there exist many results on the mass spectrum, lifetimes, branching ratios and asymmetry parameters of heavy baryon decays. In the near future one can expect large quantities of new data on exclusive nonleptonic bottom baryon decays which calls for a comprehensive theoretical analysis of these decays.
The analysis of nonleptonic heavy baryon decays is complicated by the necessity of having to include nonfactorizing contributions. One thus has to go beyond the factorization approximation which has proved quite useful in the analysis of the exclusive nonleptonic decays of heavy mesons [4] . There have been some theoretical attempts to analyze nonleptonic heavy baryon decays using the factorizing contributions alone [5] , the argument being that W -exchange contributions can be neglected in analogy to the power suppressed W -exchange contributions in the inclusive nonleptonic decays of heavy baryons. One might even be tempted to drop the nonfactorizing contributions on account of the fact that they are superficially proportional to 1/N c .
However, since N c -baryons contain N c quarks an extra combinatorial factor proportional to N c appears in the amplitudes which cancels the explicit diagrammatic 1/N c factor [6, 7] . There is now ample empirical evidences in the c → s sector that the nonfactorizing diagrams cannot be neglected. For example, the two observed decays Λ In this paper we present a complete analysis of the exclusive nonleptonic decays of bottom baryons ( 
Lagrangian spectator model
In this paper we will use a relativistic quark model developed in [10, 11] to calculate nonleptonic decays of heavy baryons. This model has been successfully applied to the description of the electromagnetic properties of nucleons [12] and has been extended to an analysis of the semileptonic decays of heavy baryons [13] . Since the evaluation of the nonleptonic decay amplitudes involves three-loop diagrams with nonlocal vertices, we shall make some simplifying assumptions which, on the one hand, have a clear physics motivation, and, on the other hand, allow one to evaluate both the factorizing and the nonfactorizing contributions to nonleptonic baryon decays.
Let us begin by recalling some of the crucial points of the approach developed in [10] - [13] . We consider the hadron to be a bound state of relativistic constituent quarks. The coupling of the hadrons to their constituent quarks is described by an interaction Lagrangian with an effective vertex function characterizing the momentum distribution of the constituents.
The Lagrangian describing the interaction of baryons with the three-quark current is written as
where The spin-flavour structure of heavy-light baryon currents has been studied in detail in the papers [13] - [15] . It was shown that in the heavy quark limit there are two currents for Λ-type baryons containing a light diquark with spin zero and two currents for Ω-type baryons having a light diquark with spin 1. In ref. [13] we have shown that in the heavy quark limit the heavy quark factorizes from the light degrees of freedom. Then the Lagrangian which describes the interaction of Λ Q -baryon with the constituent quarks may be written as
where
We are modelling the effective vertex function F in Eq. (1) by the Gaus-
which falls off sufficiently fast in the Euclidean region to provide for the ultraviolet convergence of the matrix elements. It was shown in [13] that the requirement of the correct unit normalization of the baryonic IW-functions ζ(ω) and ξ 1 (ω) at zero recoil ω = 1 imposes the condition Λ B b = Λ Bc . The cutoff parameter Λ B Q = Λ B b = Λ Bc is one of the adjustable parameters in our calculation.
The Lagrangian spectator model [8] has been developed from the relativistic quark model [10] - [13] . It aims to reproduce the spin amplitude structure of the spectator (or static quark) model analysis [6] . This can be achieved by assigning the projector V + = (1+ v)/2 to each light quark field in the baryonquark vertex, and by using the static approximation for u, d and s quark propagators in momentum space S q (k) = 1/m q with m q being a static quark mass. Note that in this model the above two options of pseudoscalar and axial currents for the Λ-type baryon and two options of vector and tensor currents for the Ω-type baryon become equivalent which may be seen by using the
In this paper we also assume that the mesons are point-like objects, i.e. their interaction with the constituent quarks are described by a local nonderivative Lagrangian (see details in ref. [8] ). In other words, we choose the effective meson vertex functions to be constant in momentum space. This is a reliable approximation for the light mesons. For heavy mesons we expect that form factor effects in the meson vertex become important. This prevents us from extending the present approach to cases with heavy mesons in the final states,
In general the form factor effects in the decays involving heavy mesons in the final state are expected to suppress their rates relative to those obtained from a point-like vertex. Exclusive nonleptonic bottom baryon decays involving heavy mesons form the subject of a separate piece of work.
For the heavy quark propagator S Q we will use the leading term in the inverse mass expansion. Suppose p = M B Q v is the heavy baryon momentum. We introduce a set the binding energy parametersΛ {q 1 q 2 } = M {Qq 1 q 2 } − m Q which parametrize the difference between the heavy baryon mass M {Qq 1 q 2 } ≡ M B Q and the heavy quark mass. Keeping in mind that the vertex function falls off sufficiently fast such that the condition |k| << m Q holds (k is the virtual momentum of light quarks) one has
In what follows we will assume thatΛ ≡Λ {uu} =Λ {dd} =Λ {du} ,Λ s ≡Λ {us} = Λ {ds} . Thus there are altogether three independent binding energy parameters Λ,Λ s , andΛ {ss} in our approach.
In the Lagrangian Spectator Model the leptonic coupling constants f π and f K are determined by the integrals
The meson coupling constants g π and g K in Eq. (4) are determined from the compositeness condition [13] which reads
Eqs. (4) and (5) contain the ultraviolet divergence since the mesons in our scheme are point-like objects. To regularize these quantities we introduce an meson ultraviolet cutoff Λ. We choose this parameter to be equal to the reduced static mass of thesystem, i.e., Λ = m/2 for the pion and Λ = mm s /(m + m s ) for the kaon. One then has
Substituting experimental values for f π = 131 MeV and f K = 160 MeV in Eqs. (6) fixed from the compositeness condition which is equivalent to the unit normalization of the elastic baryon form factor at the origin [13] .
Thus, there is the following set of adjustable parameters in our model: the cutoff parameter Λ B Q , and the set of binding energy parametersΛ,Λ s and Λ {ss} .
Nonleptonic transition matrix elements
The weak nonleptonic decays of bottom and charm baryons are described by the diagrams Fig.1 
Here c After some straightforward calculations the matrix element describing exclusive weak nonleptonic decays of bottom baryons can be written as [6] 
where the amplitudes M I , M IIa , M IIb , and M III correspond to the contributions 1 In the terminology of [5] diagram I corresponds to factorizable external and internal W-emission, IIa to nonfactorizable internal W-emission and IIb and III to nonfactorizable W-exchange. 2 We employ the notation
of diagrams I, IIa, IIb, and III in Fig.1 , respectively. One has Factorizing contribution:
Nonfactorizing contributions
Diagram IIb :
Diagram III :
Here, Table 1 . We employ the notation with the results of the spectator model [6] . Note that there are no any additional (dynamical) mass suppression factors for the nonfactorizing diagrams in our approach. In particular there is no mass suppression of diagram IIa.
The overlap factors f (ω), H 2 (ω) and H 3 (ω) pertain to the contributions of diagrams I, II and III, respectively and are given by
The parametersΛ 
and t 2 (r) = t 3 (r) = 1 for all other modes (see, Table 2 ). We use the notation
Results
In this section we give our numerical results for decay rates and asymmetry parameters. The cutoff parameter Λ B Q and the binding energy parameterΛ are determined from a fit to known branching ratios of nonleptonic decays
. In the fit we use ρ 2 = 1 for the slope of the baryonic Isgur-Wise function, leading to Λ B Q = 2.408 GeV,Λ = 0.9 GeV. The parametersΛ s andΛ ss cannot be determined at present due to the lack of experimental information on the decays of heavy-light baryons containing one or two strange quarks. For the time being we fix them at the valuesΛ s =1 GeV andΛ ss =1.1 GeV. The masses of heavy baryons are taken from [1] .
In Table 2 we give our results for the decay rates and asymmetry parameters for the exclusive nonleptonic b → cūs decays considered in this paper. A clear pattern emerges. The dominant rates are into channels with factorizing contributions. Rates which proceed only via nonfactorizing diagrams are small but not negligibly small.
In Table 3 we give the contributions of nonfactorizing diagrams relative to those of the factorizing ones for the decay Λ If one neglects the nonfactorizing contributions for this mode as was done in [5] one would obtain an enhanced rate of Γ = 0.665 × 10 10 s −1 . The prediction for the assymetry parameter remains at α ≃ −1 and is thus not affected by such an omission.
In conclusion, we have calculated the exclusive nonleptonic bottom to charm baryon decays Flavour coefficients for exclusive b → cūd nonleptonic heavy baryon decays (C ≡ cos δ P , S ≡ sin δ P , δ P = θ P − θ I , where Table 2 . 
